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ABSTRACT 

We observe that the new attractor mechanism describing IIB flux vacua for Calabi- 
Yau compactifications has a possible extension to the landscape of non-Kahler vacua 
that emerge in heterotic compactifications with fluxes. We focus on the effective theo- 
ries coming from compactifications on generalized half-flat manifolds, showing that the 
Minkowski "attractor points" for 3-form fluxes are special-hermitian manifolds. 



Contents 



1 Introduction 



2 Preliminaries 



3 Heterotic attractors 



3.1 One Kahler modulus 



8 

9 



3.2 General easel 11 



4 Type II non-Kahler attractors 



13 



1 Introduction 

The black hole attractor mechanism PI Ej is a translation of the no-hair theorem into 
algebraic equations that specify the values of the moduli at the horizon, in terms of the 
black hole mass and charges. These, in turn, specify the area of the horizon and hence 
the black hole entropy S. For extremal black holes, the latter is controlled by the extrema 
of a potential Vbh depending on the black hole central charges Z IJ : S = hVbhIhot 
In M = 2 supergravity, thanks to the special-Kahler structure of the vector-multiplets 
moduli space, the central charge Z is covariantly holomorphic (D T Z = [pi — \Kjj Z = 0) 
and the black hole potential is [U IS] 

V BH = \Z\ 2 + \D i Z\ 2 . (1.1) 

The supersymmetric configurations are then specified by the minimization condition 

DiZ = U + ^KA Z = (1.2) 

of the central charge, the latter being given by the invariant constructed from the sym- 
plectic vector of charges Q = (p A , (/a) and the symplectic sections of the moduli space 
V= (L A ,M A ) 

Z = (Q,V) = q A L A -p A M A . (1.3) 
The supersymmetric attractor equation is the algebraic translation of (jl.2|) QjJ Q H] : 

Q = 2Re(-tVZ). (1.4) 

The asymptotically flat 4-dimensional M = 2 black holes arise from string theory com- 
pactifications on Calabi-Yau manifolds in the presence of non-trivial 5-form fluxes on 
the internal 3-cycles. At the horizon, the 10- dimensional space is the product AdS2 x 
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S 2 x CYp g , and the attractor equation can be understood as the expansion of the integral 
5-form fluxes in terms of the holomorphic cycles of the 3-form cohomology IE] 

F 5 = 2Re(ZQ) Au S 2, (1.5) 

where us 2 is the volume form for S 2 , and f2 is the normalized holomorphic form of CY pq , 
which is an "attractive variety" [Hj. The same central charge Z can be expressed in terms 
of the Calabi-Yau data as the integral of the fluxes 



Z= / F 5 An. (1.6) 

JCYxS 2 

This form of the attractor equations has a striking similarity with the equations that 
specify the vacua of IIB string theory Calabi-Yau compactifications to 4 dimensions, 
in the presence of 3-form fluxes and 03/07-planes. The superpotential of the effective 
M = 1 theory is a holomorphic function of the complex-structure moduli 



W = / GAQ(z l ), (1.7) 

JOY 

where Q is the holomorphic form and G = Frr — rif ns is the complex 3-form flux, 
depending on the axion / dilaton r and constructed from the Ramond-Ramond 3-form Frr 
and the Neveu-Schwarz one i^NS- From the superpotential one can define the quantity 
Z = e K / 2 W, which is covariantly holomorphic and whose explicit form is the same as 
()1.3J) . but with the flux charges (p A , (/a) also depending on r, e.g. q\ = Irr — T( 1ns- The 
supersymmetric critical points are then given by 

DiZ = (di + ^KA Z = e K/2 (di + Ki)W = e K ' 2 DiW = 0, (1.8) 

which has the same form as (jl.2|) . Also, the full potential of the effective theory can be 
expressed in terms of Z as 

V = \D, t Z\ 2 -3\Z\ 2 . (1.9) 

These similarities have recently led to the discovery of the "new attractor" equations by 
Kallosh [EH QUI, using the special-Kahler structure of the moduli space inherited from the 
Calabi-Yau. 

The new algebraic attractor equations can be expressed as a constraint coming from 
the reality of the fluxes, once the setup is uplifted to F-theory, in analogy with the black 
hole (jl.5|) . In this case the RR and NS 3-form fluxes merge in a real 4- form flux F 4 , 
which has a non-trivial expectation value on a Calabi-Yau 4-fold Y s . The expansion of 
this 4- form is now performed with respect to the basis of 4-forms on Y 8 |lUj : 



2Re 



Zfl A - D A ZD A Q A + D Tl ZD Tl Q 4 



1.10) 
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where A = {r, /}. This expression is valid at any point in moduli space. The attractor 
conditions are obtained by plugging the stationary-point conditions DV = in (jl.lOj) . 
For instance, the supersymmetric vacua are obtained by substituting D A Z = in (|1.1U|) . 
while the non-supersymmetric ones are obtained by using 2DiZ Z = DjDjZ g^DjZ (see 
also [11J). Once again, we can rewrite this equation in an algebraic relation for the 
symplectic vector of the flux charges Q = (p^ s , Qa S ,Pbr, <?a R ) ; now doubled because of 
the appearance of the axion/dilaton r [TU] : 



where Z 01 = D 01 Z. These equations not only describe both supersymmetric and non- 
supersymmetric attractors, but they can also describe Minkowski vacua for which Z = 
[Til] . These points cannot be obtained by the black hole attractor equations (|1.4J) . because 
Z = would mean a singular solution, with zero area of the horizon. 

In the following we try to extend this new attractor mechanism to string theory 
compactifications on non-Kahler manifolds in the presence of fluxes. Despite most of 
the literature on the lanscape of flux vacua considers only the IIB case on Calabi-Yau's, 
it is known that there is a huge part of this landscape that involves compactifications 
on non-Kahler manifolds. This is actually the generic case that arises when considering 
the flux back-reaction. This type of solutions, first found in ^2] for the common sector 
of string theory, also appear in type II when more general fluxes are considered. It is 
also clear that T-duality transformations of backgrounds with fluxes give rise to new 
backgrounds that involve geometric deformations leading to non-Kahler manifolds (T^l 
IT4"] ; the corresponding effective theories show an interesting dependence of the potential 
on the size moduli, in addition to the complex-structure moduli dependence of ordinary 
Calabi-Yau reductions. 

The drawback of considering such compactifications is the lack of a good description 
of the moduli space. However, an important step forward was done in ^H], where the 
authors showed that, for a generic SU(3) structure manifold, the moduli space of the 
effective theory is still described by a special-Kahler manifold. Using this result, we 
can work by analogy with El| to extend the new attractor equations. We will argue 
that the conditions for critical points of the potential can be expressed once more as 
a relation between a charge vector Q (now including the ordinary flux charges and the 
geometric deformations, from now on named "geometric fluxes"), the covariantly holo- 
morphic superpotential (or central charge) Z = e K / 2 W, and the symplectic sections of 
the moduli space V. The covariantly holomorphic superpotential can still be described 
symplectic product 



where the charges Q are now collected in a matrix, which is a double symplectic vector 




(1.11) 



Z=(Q,V), 



(1.12) 
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with respect to the complex structure and Kahler deformations, and V collects the sym- 
plectic sections of both parts of the moduli space. The attractor equations can then be 
obtained using the reality of Q (or of the corresponding fluxes, both the ordinary ones 
and the geometric ones) and their expansion in terms of the basis of forms related to the 
light degrees of freedom of the effective theory. For the common sector of string theory 
this reads 



where the greek and latin indices label the complex structure and Kahler moduli respec- 
tively. Also here, as for the IIB case, this expansion is valid at any point in moduli space, 
but it becomes a non-trivial equation on the moduli/charges if one uses the condition 
that the potential (jl.9|) is minimized DV = (using DZ = for supersymmetric vacua). 

The plan of the paper is the following. As a first step, in section El we discuss the 
moduli space of the effective theories on non-Kahler manifolds, introducing the general- 
ized half-flat manifolds, which we will use in the following, and their differential algebra. 
In section 01 we focus on the common sector of string theory and especially on heterotic 
compactifications deriving the new attractor equations for this case. First we will deal 
with the case of a single size modulus, showing the analogy with the IIB case and then 
give general expressions of the attractor equations for the generic case. In this same 
section we will show how the attractor points, for the case of vanishing 4-dimensional 
cosmo logical constant, lead to the restriction to special-hermitian manifolds. Finally, in 
section 0] we comment on the extensions to the case of type II strings. 

2 Preliminaries 

In this section we introduce the necessary ingredients to describe the moduli space of 
non-Kahler compactifications. 

Let us start with a lightning review of the elements related to the group structures of 
the tangent bundle of the compactification manifold, as these are very useful to discuss 
the non-Kahler backgrounds. When the Calabi-Yau condition is relaxed, because of the 
presence of form fluxes, the compactifying manifold no longer has an SU(3) holonomy, but 
rather it shows an SU(3) structure. This means that there are still an almost complex 
structure J and a holomorphic form Q, which are globally defined, but they are not 
closed in general, i.e. dJ ^ and dfl ^ 0. The SU(3) structures are classified by 
the "intrinsic torsion" r that one has to add to the Levi-Civita connection V, so that 
V(t) J = = V(r)f2. This torsion is completely determined by the exterior differentiation 
of the globally defined forms 



Q 




(1.13) 




(2.1) 
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dh = W 1 JAJ + JAW 2 + &AW 5l (2.2) 

where J A W3 = f2 A W3 = J A J A W2 = and J and are the normalized versions 
1 1^1 1 = 1 1^1 1 = 1 °f the globally defined forms J and fl The Calabi-Yau condition is given 
by the vanishing of all the torsion classes W\ = . . . = W5 = 0. Since in the following we 
will be mainly concerned with the compactifications of the heterotic theory, we point out 
that the allowed torsion classes for the common sector is given by JH] 

W 1 = W 2 = 0, W 3 = 2 * H°, 2W 4 = -W5 = <9A, (2.3) 

where H° is the primitive part of the flux and A is the warp factor. The latter is also 
proportional to the dilaton dA = d<f). 

In [T5^ ITT] it was shown that for compactifications on SU(3) structure manifolds Y&, 
the space of metric deformations 5g mn is related to the structure deformations 5 J and 
5Q in a fashion similar to the one of Calabi-Yau compactifications [18,. In general, 5 J 
and 5Q contain more degrees of freedom than the metric as the structure deformations 
parametrize G g^f^ , while the metric deformations are elements of G gQ^ ■ However, 
these extra deformations can be removed by the use of local symmetries ^3] . In addition, 
the reduction to an ordinary 4-dimensional theory without massive gravitino multiplets 
implies the need for a truncation, where all the deformations that transform as triplets 
of SU(3) are removed [T^]. Once this is done, the moduli space of the complex structure 
moduli and of the Kahler ones (where the complex moduli are obtained by considering also 
the degrees of freedom from the NS 2-form B) parametrizes the special Kahler manifold 



M TO t = M n ®Mj, (2.4) 

with Kahler potentials given by 

Kj = — logi(e~ Jc , e~^ c ) = — log ^ J J A J A J (2.5) 

k q = -iogi<n,n) = -logijn aH, (2.6) 

where J c = B + iJ and the brackets (, ) denote the Mukai pairing: 

(</>+, X + > = ^AX^-^AX4 + + ^Ax^-^AXo + , (2.7) 

(i/;-,X~) = -^1^X5+^3^X3-^5^X1- (2.8) 



Here, the ± superscript refers to the grade of the tp ± , x ± components in 7\ even l odd T*Y 6 . 
From these relations we can infer that e~ Jc and Q are the symplectic sections of the 
Hodge bundle of the moduli spaces of the Kahler and complex structure deformations 
respectively. In the same way we can introduce covariantly holomorphic sections V cor- 
responding to the normalized forms 

V = (e" Jc <g> O) = e (K J+ Kn)/2^-J c n y ( 2 9 ) 



5 



These sections obey 

(V,V) = -i, (2.10) 

where the brackets are now the symplectic product of the sections or the Mukai pairing 
according to the representation of V. 

For Calabi-Yau compactifications the T and U moduli correspond to the expansion 
of e~ Jc <g> Q on the basis of harmonic forms. In detail: 

e _ Jc = x °(T)+X i (T)oj i - Fj(T)^ - F (T)*1, (2.11) 

n = X A (U)a A -F A (U)(3 A , (2.12) 

where (a A ,j3 A ) are a base for the 3-forms and 1, Wj, a)*, *1 are a base for the 0-,2-,4- and 
6-forms. Obviously in this case we can no longer use the harmonic forms as we are 
expecting that dJ and/or dQ may no longer be closed. 

Following ^2] we can still consider an expansion over a basis of 2-, 3- and 4- forms that 
correspond to a truncation of the space of forms to a finite-dimensional subspace. With 
some reasonable assumptions, the spectrum of such forms gets restricted to A ' 2,4 ' 6 , where 
A is the constant function, A 6 is the volume form, and A 2 , A 4 are spanned by the basis 
u>i, uj\ with the same dimension 6 ev en, and A 3 , of dimension 2(6 Q dd + 1), is spanned by 
(a A , P A ) that form a symplectic set of basis forms. These forms satisfy the completeness 
relations 

(a A , (3 s ) = -</? s , a A ) = 5f, (a A , a E ) = = </3 A , /? E >; (2.13) 

introducing ojj = (1,^), co 1 = (*l,tD l ) so that also (u;j, u) J ) form a symplectic basis 1 , we 
obtain 

(u I ,u J ) = -(u J ,u I ) = 5j. (2.14) 

In [TJ)| the further restriction that A 1 = A 5 = was imposed, justified by the request 
that no SU(3) triplets appear in the reduction. This is expected when the warp factor 
function is constant. In this case, the supersymmetric backgrounds no longer contain 
such forms in the definition of the intrinsic torsion ()2.3|) . However, on a more general 
ground, we can note that also in the case when the warp factor is non-trivial over the 
internal manifold, the moduli are always defined through J and Q and not through the 
normalised forms J and f2. For this reason we can always define a holomorphic form 
Q = \ \Q\\fl = e A f2, with dQ = (following from W$ = d log | | in the heterotic case), or 
at least generically without triplets in the exterior differentiation. The Kahler potential 
generated by fl' = e A fl is = Kq — 2A. In the same way, a rescaled J can be defined 
that does not give rise to triplets. It is useful that, since W& and W5 transform in the 
vector representation of SU(3) and we do not expect globally defined vector fields for this 

1 Strictly speaking, the symplectic basis is really spanned by (Awj, /jw ), where A, /1 are anticommuting 
numbers and in the symplectic product one should also perform an integration over dXdfj,. However, 
using the Mukai pairing one gets the appropriate signs and relations, also using (lui,luj) = 0. 
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type of manifolds (otherwise the structure would be further reduced), we expect these 
torsion classes to be proportional to the derivative of the dilaton/axion and/or to the 
warp factor of the background. We can therefore assume that the moduli space of the 
SU(3) structure manifolds that appear in the non-Kahler compactifications are given by 
spaces with A spanned by 1, u>i, a A , /3 A , uj 1 , *1, where these forms satisfy the orthogonality 
relations 2 

Oi A a A = = Ui A p A , (2.15) 
and the differential conditions [HI EOl UE] 

dui = m A a A - e iA (3 A , (2.16) 

dw i = 0, (2.17) 

da A = e iA uj\ (2.18) 

d(3 A = m A uj\ (2.19) 

The charges Vi = (m A ,ei A ) form a symplectic vector satisfying the constraint 

(V^-)=0, (2.20) 

as necessary for the exterior differential to be nilpotent. We will see later that these 
charges can be read as "geometric fluxes" that, in perfect analogy with the ordinary form 
fluxes, give origins to the electric and magnetic charges of the effective theory. These 
manifolds clearly contain the half-flat manifolds [2*T] . defined by 



ImWi = lmW 2 = W 4 = W 5 = 0. (2.21) 

They also include the generalised half flat manifolds, admitting all torsion classes to be 
non- vanishing, but W 4 = W 5 = [T91I27I]. 

From the previous discussion we can however argue that this structure can be obtained 
in a more general setup, where J and f2 do not have vanishing W4 and/or W5, provided 
the Kahler potential for the moduli space is redefined in a proper way. This is also 
supported by the comments in [22J, where it is shown that a non-trivial warp factor does 
not change the superpotential of the effective theory (that is defined through J and Q), 
but rather on the Kahler potential, which is crucially related to the norm of the structure 
forms flUJ), (P . 

Coming back to the case of the heterotic strings, we can see how the moduli space for 
reductions on SU(3) structure manifolds is larger than that of the supersymmetric solu- 
tions. In the case of constant dilaton and warp factor, these are indeed special-hermitian 
manifolds with W\ = W2 = W4 = W5 = ^Hj, more constrained than the generic half- 
flat ones for which W4 = W5 = 0. We can then understand how the superpotential of the 
2 This translates to the condition J A £1 = for any choice of J and f2 in A 2 and A 3 , respectively. 
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effective theory can really fix some of the original moduli at the supersymmetric point, 
in perfect analogy with the IIB case. 



3 Heterotic attractors 

Let us now come to the realization of the new attractor mechanism, in the case of the 
common sector of string theory and in particular of the heterotic theory. We mainly focus 
on the latter because compactifications on an SU(3) structure manifold give naturally 
M = 1 theories in 4 dimensions for the heterotic theory, without the need of orientifolds 
as in type II. In this case the role of the sources of negative energy is played by the 
appearance of the higher-derivative terms in the low-energy lagrangian rather than em- 
planes. 

As a first step let us recall here the basic ingredients. For the sake of simplicity 
we focus on the case of trivial warp factor as well as 10-dimensional dilaton, therefore 
following the example of the previous section. We then consider compactifications on 
generalized half-flat manifolds, satisfying the relations (J2.16)) and 1)2.19)1 . The only form 
flux that can be turned on is the NS 3-form 



Since the H-Bianchi identity is non-trivial for the heterotic theory, we have to be careful 
with the extra constraints on the 3-forms a and f3 that come from 



We will not look at the effects of the gauge moduli, but only focus on the geometric 
ones. Also, we do not look at the specific form of and f\ as they do not affect the 
attractor mechanism for the definition of the critical points, but keep in mind that extra 
constraints on the fluxes may arise [E2]. For the standard embedding, or in the case of 
the common sector of the type I/II theories the right-hand side of 1)3.2)1 is vanishing, and 
then the charges have to fulfill the relation 



H = p A a A - q A (3 A . 



(3.1) 



dH = Co 1 (p A e iA - q A m A ) 




(3.2) 



p A e iA - q A m A = 0. 



(3.3) 



The superpotential is [23 12H 123 




(3.4) 



Using the previous relations, this reads 



W = q A X A (U) - p A F A (U) + T (m A F A - X A e lA ) , 



(3.5) 
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where T % are the Kahler moduli related to J c according to (j2.11j) . and X l /X° = T\ 
Introducing the general definition for the "geometric fluxes" 

Fi = dui = mf a A - e iA /3 A , (3.6) 

we can rewrite (|3.4|) as 

W = J (H - TFi) A fi. (3.7) 
3.1 One Kahler modulus 

The case of a single size modulus T l = T 1 = T (or when just one geometric flux is 
turned on) reduces the previous superpotential to a form very similar to that of type IIB 
reductions on a Calabi-Yau plus fluxes: 

TF) A fi, (3.8) 

tH) A fi, (3.9) 

- (m^ - Tm A R ) F A , (3.10) 

«"^s)4 (3.H) 

In these expressions, the role of the IIB NS flux is taken by the geometric flux of the 
heterotic reductions, the IIB RR flux is replaced by the NS 3-form heterotic flux, and 
the complex dilaton r is replaced by the complexified volume modulus T. This clearly 
follows the pattern of duality relations between type IIB compactifications in the presence 
of orientifolds and the heterotic theory, through F-theory. This relation, known for the 
case of Calabi-Yau compactifications, has recently been studied and extended to the case 
of non-trivial fluxes in [2H 123 I2M I2H1- Furthermore, it is clear that, while in type IIB 
reductions the superpotential (|3.9|) allows all the complex structure moduli to be fixed 
as well as the dilaton r, but not the volume, the heterotic potential (|3.8jl fixes all the 
complex structure moduli and the volume, but not the dilaton. 

For this case, where the analogy is clear, we can further see that the minimization of 
Whet gives, for the complexified flux Ghct = H — TF, the same conditions as Wim imposes 
on Giib, i.e. it is restricted to a (2,1) form and primitive for supersymmetric Minkowski 
vacua and to (2,l) + (0,3) forms for supersymmetric AdS vacua (when neglecting the 
Kahler moduli in type IIB). We can finally argue that this implies the right vacuum 
condition for supersymmetric heterotic backgrounds with fluxes EH] • Let us see this 
for the Minkowski vacua. The internal manifold must be complex as dJ^ 3 ' ^ = dJ(0, 3) = 
= dfi. Moreover, G he ' t = implies (for the choice T = i) that 

# (1 ' 2) + id J = 0, 




or, using the complex-structure sections: 

Whet = (ef-Ter m )X A 
W IIB = (e* R -ref)X A - 
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where we used the fact that d = d + d for a complex manifold. Since H is real we finally 
obtain 

H = i(d-F)J, (3.12) 

which is the condition in It should be noted that to exhibit non-trivial solutions, 
the charges cannot be arbitrary, as shown by the previous equation, but the geometrical 
fluxes must be related to those coming from the 3-form. This happens because the choice 
of independent sections X A imposes that the charges be not independent when trying to 
achieve the W = condition. 

It is now also possible to use once more this analogy to extend the new attractor mech- 
anism to this instance of flux compactifications. Following JU], we can define generalized 
symplectic sections 

n=(V,-TV), (3.13) 

where now V = (L A , M\) are only the symplectic sections of the complex structure moduli 
space. This doublet of sections couples to the doublet of fluxes 

F=(H 3 ,F 3 ) (3.14) 

to define the central charge 

Z = e K/2 (F,U). (3.15) 

Here F and II are matrices in SL(2,Z)® Sp(6 dd + 1, M.) and the symplectic pairing (, ) 
also contains an SL(2, Z) invariant product of the doublets. In type IIB this coupling 
is justified by the SL(2, Z) symmetry of the theory, and by the fact that r transforms 
in the appropriate way. On the other hand, in the case of the heterotic theory, the 
justification for such doubling of the symplectic sections is due to the appearance of the 
Kahler modulus T. The pairing (|3.15|) of the IIB theory becomes a double symplectic 
product of the fluxes that transform in both representations of the respective symplectic 
sections. In the same way as ^0], we can therefore obtain an algebraic equation for the 
critical points that is formally the supersymmetric attractor equation 

2Re(ZV) \ / 2Re(g^(K T )- 1 D T D Z D a V) \ 
2Re(ZTV) J \ 2Re(g a ^K T )- 1 D T D- ZfD a V) J ' 

In the IIB case, this formula also follows from the reality of the 4-form flux containing 
both the RR and NS fluxes in F-theory and its expansion on the basis of 4-forms of the 
Calabi-Yau 4-fold. Here we can use the same uplift, but with a different interpretation. 
This equation was obtained from the general expansion upon using the supersymmetry 
condition D a Z = DtZ = 0. From the same general expansion one could obtain also 
the non-supersymmetric critical points by imposing the more general conditions deriving 
from the minimization of the full potential. 
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Thinking about the expansion in terms of the Kahler moduli in ()3.16j) and looking 
at the covariantly holomorphic sections, we can see that the charges associated to the 
geometric fluxes (e^, mf ) can be put together with the 3- form flux charges (m^, e A) = 
(p A , q\). Together, they become part of the same symplectic vector in the Kahler sector 
(mj,ej). We can therefore argue that the generic charge matrix Q is doubly symplectic 

tfh IA m A \ 
^ • (3-17) 

e\ e IA J 

In the current example, it is clear that only the first column is different from zero as 
e = = fh. Moreover, for the case of a single Kahler modulus, each row in (j3.17|) 
transforms generically in Sp(4,M), but the lower index / is acted upon only by the SL(2, R) 
subgroup, as expected from the previous discussion. We can therefore think about the 
charges as a matrix to be generically coupled to the product of symplectic sections: 

v= ( L\T)L\U) M 7 (T)L A ([7) \ 
\L 7 (T)M A (f/) Mj(T)M A (U))' 

We recall that the ordinary fluxes are quantized, and therefore e and m are gener- 
ically integers in the appropriate units. On the other hand, the geometrical fluxes are 
not usually thought to be quantized; the corresponding charges can therefore have any 
arbitrary real value. It is however clear that, as in the previous example, the geometrical 
fluxes are often related to the ordinary ones by duality relations, so that we expect that 
also the geometric charges to be quantized. 

3.2 General case 

An alternative rewriting of the results of the previous section comes by using the special- 
Kahler properties of the scalar manifold and their formulation in terms of the normalized 
forms e - ^ and VL. Using the definition ()2.9|) for the symplectic sections V, we can build 
the corresponding charges 

Q = *l®H + u)®F, (3.19) 

giving a form representation to (J3.17)) for the case of one volume modulus. Here uj is 
such that J uj A uj = 1, for J c = Too. In this way the central charge (and hence the 
superpotential W = e~ K / 2 Z) becomes 

Z=(Q,V), (3.20) 

where the brackets denote a double Mukai pairing. A similar proposal, for the generic 
superpotential coming from type II compactifications on generalized Calabi-Yau mani- 
folds, was put forward in jSU], where also matrix charges were considered (see also [3*T]). 
The result of jSO] was obtained by computing the non-perturbative contributions to the 
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superpotential, using F-theory uplifts. Since our definition involves only the perturbative 
fluxes instead, we can be confident of the fact that this structure will not be spoiled by 
non-perturbative corrections. The expansion of the double-symplectic section V corre- 
sponds to (|3.18j) 

/ L I {T)Cj I ®L K {U)a A M 7 (T)u/ ® L A (U)a A \ 
V ~~ \ L 7 (T)c^®M A ([/)/3 A M^lo 1 ® M K {U)f3 A J ' 

and the corresponding expansion of the charges ()3.19j) on the same basis gives the attrac- 
tor equation (J3.16J) . 

Using this formulation, it is possible to extend these results to the general case of an 
arbitrary number of Kahler moduli. When there are more active moduli, and therefore 
more geometrical fluxes, the generic charge matrix becomes 

Q = *l®H + w i ®F i , (3.22) 

so that we obtain once more the right central charge from ()3.2()j) . 

It is again clear that the matrix Q does not contain elements in A 2 and A because 
of the structure of the generalized half-flat manifolds and of the form-fluxes allowed by 
the theory, as there is only a 3-form H. We will see that this may change in other 
theories. Using this generic expansion in the basis of A fin we can now write the general 
new attractor equation for flux vacua of the common sector of string theory. This reads 

Q = -21m (ZV + g a ? e" Jc ® D a Q D S Z + a® Ae" Jc ® Q. ~D-^ 

\ \ (3 23) 

where the critical point condition for a supersymmetric vacuum DZ = 0, or Minkowski 
DZ = Z = 0, or generic non-supersymmetric vacuum DV = has to be inserted. In the 
special case of supersymmetric Minkowski vacua this simplifies to 

Q = -21m Ae _Jc ® D a Vl D 3 D Z^ , (3.24) 

which implies once more that the geometrical fluxes contain only a primitive dJ^ 2 ' lS}+ ^ l,2 \ 
therefore giving as attracting manifolds the special-hermitian ones. This can be seen from 
the fact that Di&'^ c ® D a Vt selects from the charges the elements in DiMjUji ® Xa and 

(2 1) 

DiMq -k 1 (g) Xa ■ It should be recalled that only for vanishing cosmological constant are 
these real points in the landscape of flux vacua for the common sector. The full Kahler 
potential depends also on the dilaton S, whereas the superpotential does not. This means 
that the conditions for a critical point with respect to S give D$W = K$W = 0. The 
same is true also for the type IIB case, where the role of the dilaton is taken by the volume 
modulus. It is indeed known that, without non-perturbative effects, the IIB potential is 
of the no-scale form. In any case, understanding the general condition may be of some 
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use for KKLT-like scenarios and as preparation for the IIA case, where this is no longer a 
problem and the superpotential can depend on all the moduli. We notice again that only 
some of the charges were non-trivial so far. We will see that, without non-perturbative 
contributions, we cannot produce all non-trivial entries. 

4 Type II non-Kahler attractors 

Now that we have seen how the new attractor mechanism works for the case of the 
heterotic string, we give some comments on how this should be further extended to the 
case of type II compactifications on non-Kahler manifolds with O-planes. As we have 
discussed in the introduction, the justification for this type of backgrounds is given by 
the extension of mirror symmetry to the flux case or, more generally, by using T-duality 
on flux backgrounds. 

When type II theories are compactified on an SU(3) structure manifold, we get an 
M = 2 effective theory In order to reduce to an M = 1 lagrangian we must add 
orientifold projections. This, however, means that the spectrum corresponding to this 
compactification is truncated and may affect the special-Kahler structure of the moduli 
space. In the case of type IIA with orientifolds, we can see that there is a relic of the 
original special-Kahler structure in the size deformation part of the moduli space as the 
scalar fields in this sector are described by the components of J c = B + i J that survive 
the projections. On the other hand, where the complex structure moduli are concerned, 
the orientifold projections remove the real parts of the complex moduli. However, these 
are replaced by the surviving moduli coming from the RR 3-form C. This sector of the 
moduli space can now be described by the new "holomorphic form" 

n c = C 3 + ie-*Imtt. (4.1) 

The Kahler potential of the moduli space is therefore still given by expressions that 
formally resemble the ones in (|2.5|) and (|2.fij) . but now replaced by the new sections 

Kj = -log2(e- Jc ,e- 7c ), K n = -logt(Q c ,Q c ). (4.2) 

In addition, we can now have non-trivial RR 2- and 4-form fluxes. These fluxes can be 
expanded in the same basis as before 

92 = e RR w 4 , (4.3) 

U = ef R u\ (4.4) 

where the charges are constrained by the closure of the Bianchi identities dg% = and 
dfi = H A / 2 = 0. These constraints read [T3] 

Crr^a = 0, e RR mf = 0. (4.5) 
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The equations of motion give further e KK g^ {U)ej\ = = e RK g^{U)m K . The charges in 
(|4.3Jl - (|4.4j) are electric-magnetic duals under symplectic rotations of the Kahler deforma- 
tions part, labelled by the indices I = (0,i), and therefore constitute part of a symplectic 
vector (e 7 ,e/). They have the same properties for the electric-magnetic transformations 
of the complex-structure deformations and this is why we call them both with the same 
letter e. We will see that this is also consistent with our previous definition (j3.17j) . 

The superpotential of the effective theory has been obtained in various ways [T4^ 
[El E3J 03, and it reads 

W = J J c Adn c - J HAtl c + ^ J J c AJ c Ag 2 + J f 4 A J c , (4.6) 

where, once the first term is integrated by parts, we recover the superpotential of the 
common sector from the first two terms. 

At this stage we can extend the arguments of the previous section by enlarging the 
charge matrix 

Q = Q NS + Q RR , (4.7) 
where Q NS is given by ()3.22|) . and Q RR can now be defined as 3 

Q RR = U ® 2 + g 2 ® 5 = ® s + e f R ^ ® s > ( 4 - 8 ) 

where 5 = e Kn ^ 2 i(^l — Q) is a real 3- form chosen so that its contribution to the super- 
potential is trivial. However, we expect that also (ej^, ef R ) become part of symplectic 
vector in A. For this to be the case, we have to choose H = (3°, so that the central charge 
dependence on the complex structure moduli is only through L°, that can be fixed to be 
L° = e K(l ^ 2 , in a way compatible with the superpotential presented in Once more, 
the central charge is obtained by the symplectic contraction 

Z=(Q,V). 

In components, the RR part of the superpotential reads 

W = X\T)ef R -e i RR F t (T). (4.9) 

Finally, we can expand again the charge matrix Q in terms of the projections on the 
various sectors of A even ® A odd as before, although now the charge matrix has additional 
non-trivial entries 

m{ 



and the ej\ now include both the NS and RR charges. It has been noted that the con- 
ditions on the fluxes, here following from the differential algebra, have an interpretation 



3 The vector of RR charges can be completed to a full symplectic vector in the / indices by the 0- and 
6-form fluxes that appear for instance in massive type IIA. These are expanded as go = e° RR , g§ = eg *1. 
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in the effective field theory in terms of gauging conditions [20} 185} IT5j . It would be in- 
teresting to spell the exact conditions on the charge matrix (as in equations ()2.20|h ()3.3|) 
and ()4.5|) presented above) independently from the structure of the flux compactifications 
presented here. 

In an analogous fashion we can argue for the extension of this mechanism to the case 
of IIB compactifications on non-Kahler manifolds. For this case we have to add 

Qrr=*1®F rr . (4.11) 

In this case, as is evident from the additional SL(2, Z) symmetry of the theory and from 
the fact that the complex dilaton appears explicitly in the superpotential, the Q and V 
matrices must be further enlarged as in where the new sections form explicit dou- 
blets of this symmetry. However, once this technical trick is implemented, the attractor 
equations are obtained in the same way as presented in the previous sections. 
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